Purpose. To review treatment results of 29 patients with haemodynamically unstable pelvic fractures after implementation of a standardised multidisciplinary protocol. Methods. Records of 14 men and 15 women aged 14 to 84 (mean, 46) years who were treated for haemodynamically unstable closed (n=27) or open (n=2) pelvic fractures were reviewed. The survival rates before and after implementation of a standardised protocol were compared. Results. Of these 29 patients, 19 survived, 6 died of exsanguination, and 4 died of multi-organ failure. Survival was significantly improved after implementation of the protocol (66% vs. 31%, p=0.0006).
retroperitoneal pelvic packing enables direct pressure to control haemorrhage, especially venous bleeding. In July 2008, a standardised multidisciplinary pelvic fracture protocol was introduced in our hospital. This involved the use of a pelvic binder, pelvic external fixation, retroperitoneal packing, and embolisation. This paper reviewed the treatment results of 29 patients with haemodynamically unstable pelvic fractures after implementation of that protocol.
MATERIALS AND METHODS
Records of 14 men and 15 women aged 14 to 84 (mean, 46) years who were treated in our hospital between July 2008 and March 2011 for haemodynamically unstable closed (n=27) or open (n=2) pelvic fractures were reviewed. The injury mechanisms included fall from height (n=18), road traffic accident (n=10), and other (n=1). 26 of the patients had other associated injuries.
The protocol involved multidisciplinary teams including emergency physicians, anaesthetists, general and orthopaedic surgeons, and interventional radiologists ( Fig.) . Haemodynamically unstable patients was defined as those with persistent systolic blood pressure of ≤90 mm Hg after receiving ≥2000 ml intravenous crystalloid. The pelvic binder was applied immediately to achieve early pelvic volume control. Standard diagnostic procedures included trauma series and Focused Assessment with Sonography for Trauma (FAST) to rule out concomitant life-threatening injuries. Computed tomography was indicated only for those responding to initial resuscitation. Nonresponder was transferred to the operation room directly for damage control surgery, which included pelvic external fixation (use of anterior frame and/ or C-clamp) by the orthopaedic surgeon, followed by retro-peritoneal pelvic packing. For patients with positive FAST, laparotomy was the priority while keeping the pelvic binder. For patients with negative or equivocal FAST, the sequence of damage control surgery and angio-embolisation was based on the surgeon's decision in 2008 to 2009. In 2010 to 2011, the sequence was damage control surgery first, followed by on-table angio-embolisation. Patients were reviewed 48 hours later in the operating room to consider removal or exchange of the packing.
The survival rates before (June 2007 to June 2008) and after implementing the protocol were compared. The Injury Severity Score, Revised Trauma Score, predicted survival (based on the Trauma Score -Injury Severity Score [TRISS]), and the actual survival in those treated in 2008 to 2009 (n=11) and in 2010 to 2011 (n=18) were compared, using the Fisher's exact test or the t test as appropriate. A p value of <0.05 was considered statistically significant.
results
Of the 29 patients, 19 survived, 6 died of exsanguination, and 4 died of multi-organ failure (Table) . Survival was significantly improved after implementation of the protocol (66% vs. 31% (4 out of 13), 2 p=0.0006). The mean Injury Severity Score, Revised Trauma Score, and predicted survival (based on the TRISS) were 39, 6.5, and 65%, respectively.
Among patients treated in 2008 to 2009 (n=11) and in 2010 to 2011 (n=18), the actual survival did not differ from the predicted survival (55% vs 68%, p=0.3556, 2-tailed unpaired t test) and (72% vs 63%, p=0.2162, 2-tailed unpaired t test), respectively. Three out of 11 patients in 2008 to 2009 were treated with angio-embolisation first followed by damage control surgery. There was no significant difference between the 2 subgroups in terms of patient age, Injury Severity Score, Revised Trauma Score, and predicted survival.
discussion
Haemodynamically unstable pelvic fractures are a diagnostic and therapeutic challenge for the trauma team. It is difficult to differentiate the main sources of bleeding, and there is no clear standard for haemorrhage control. Pelvic angiography is effective in controlling haemorrhage from the internal iliac arterial arcade after pelvic trauma. [3] [4] [5] [6] [7] [8] [9] [10] However, angiography does not address the venous and bone bleeding that is responsible for about 85% of the bleeding after lethal pelvic fractures. [11] [12] [13] [14] [15] Thus, pelvic external fixation followed by retroperitoneal pelvic packing 1, 16 is advocated as the haemorrhage control protocol. [17] [18] [19] [20] [21] [22] Before implementing this protocol, such patients were first treated with angio-embolisation in the angiography suite, and then transferred to the operation room for external fixation, but survival was suboptimal. After implementing the protocol, initially the sequence of damage control surgery and angio-embolisation was based on surgeon's decision. In the clinical setting, damage control surgery first, followed by angio-embolisation was more efficient, as the angio-embolisation team could get prepared while the pelvic external fixation and packing procedure were performed. Besides, most pelvic bleeding is bony and venous origin, so it may be more effective to control these before controlling arterial bleeding. Thus, actual survival improved with the adjusted protocol (though not significantly).
One of the limitations of this study was that it was retrospective study. The number of patients was small. In addition to modification of the sequence, continuous improvement in resuscitation and intensive care procedures and the introduction of massive transfusion protocol and transamine infusion may have affected survival positively. 23 
